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PULSE WIDTH CONTROL CIRCUIT CONTROLLING PULSE WIDTH OF OUTPUT LIGHT 



Cross-Reference To Related Applications 

This application is a divisional of application number 10/342,251, filed January 15, 
2003, now allowed, which is a continuing application under 35 U.S.C. § 111(a) of 
International Application PCT/J POO/0751 9, filed October 26, 2000, it being further noted that 
foreign priority benefit is based upon International Patent Application PCT/J POO/0751 9, filed 
October 26, 2000. 

Field of the Invention 

The present invention relates to a circuit for driving light emitting elements, for 
example, semiconductor lasers (laser diodes: LDs), light-emitting diodes (LEDs) and the like, 
in the field of optical communications and the like, and in particular, to a pulse width control 
circuit for controlling pulse width of output light. 

Technical Background 

Generally, when modulating an LD at a high speed, pulse width of optical output 
waveform is narrower compared to that of an LD drive current waveform, due to turn-on 
delay in the LD. In particular, when non-bias modulating an LD, since there may be a turn-on 
delay time of about l.nsec or more, depending on the type of LD, with a rise in bit rate, such 
a value cannot be ignored with respect to mask registration. This turn-on delay time Td can 
typically be expressed by the following equation (1), provided that a carrier lifespan is xs, an 
LD drive current is If, a bias current is lb, and an LD threshold current is Ith. 

Td=tsxln[(lf-!b)/(lf-ith)] ...(1) 

From the above equation (1), it can be understood that the turn-on delay time Td 
fluctuates according to the LD drive current If, the bias current lb, and the LD threshold 
current Ith. Also, in the turn-on delay time Td, there is an individual difference due to 
connection variation in the assembly of the LD optical system. Further, even if an LD is 
decided, since there is a change in the turn-on delay time Td due to temperature fluctuation, 
pulse width fluctuation in an LD light output waveform is caused. Consequently, a control 
circuit is required for the purpose of suppressing pulse width fluctuation in the LD light output 
waveform due to temperature fluctuation and the like. 



Fig. 13 is a circuit diagram showing a structural example of a conventional 
pulse width control circuit. 

In Fig. 13, the conventional pulse width control circuit comprises a Tr/Tf 
control section that controls a rise time Tr and a fall time Tf of an input data signal 
DATAJN, and a waveform shaping section that waveform shapes a signal from the 
Tr/Tf control section to output an output signal DATAjOUT for driving an LD. 

In this conventional circuit, as shown in Fig. 14, in the Tr/Tf control section, 
the rise time Tr of the input signal DATAJN is restricted by a time constant 
determined by a constant current source 111 and capacity C11 , and the fall time Tf of 
the input signal DATAJN is restricted by a time constant determined by a constant 
current source 112 and the capacity C11 (refer to a voltage waveform at point BB). 
Then, in the waveform shaping section, the output signal from the Tr/Tf control 
section and a threshold voltage (refer to a voltage waveform at point CC) set 
according to pulse width control information supplied from the exterior are compared 
with each other, so that the output signal DATAjOUT whose pulse width is 
controlled is generated to be output. Here, as shown on the left side of Fig. 14, the 
threshold voltage is set to be high, so that the output signal DATA_OUT with a 
narrow pulse width is output. As shown on the right side of Fig. 14, the threshold 
voltage is set to be low, so that the output signal DATAjOUT with a broad pulse 
width is output. 

An LD drive circuit is connected to a latter stage of the conventional pulse 
width control circuit shown in Fig. 1 3. In the LD drive circuit, an LD drive current is 
controlled in accordance with the output signal DATA_OUT of the pulse width control 
circuit. As a result, pulse width control information that brings pulse width of an LD 
light output waveform to a desired value is sent to the pulse width control circuit, and 
the threshold voltage is set according to the pulse width control information to set 
pulse width of an optical output 



However, in the conventional pulse width control circuit as described above, 
the input signal DATAJN is band restricted by the Tr/Tf control section so that the 
rise and fall time constants are always constant, and then, compared with the 
threshold value controllable from the exterior, so that the pulse width of the output 
signal DATA_OUT is controlled. Therefore, there is a problem that it is difficult to 
respond to multi-bit rate of data signals. 

In other words, as shown on the left side of Fig. 1 5 for example, in the case 
where the time constant of the Tr/Tf control section is set to correspond to a bit rate f , 
if this is made to correspond to a four times bit rate 4f , the rise time is changed due 
to the state of previous bits, as shown in the voltage waveform at point BB in the 
lower part of the figure, and a pattern effect is generated in the output signal 
DATA_OUT. In the example of the figure, there occurs a pattern effect such that 
each pulse rise delay time becomes t1 - 12 < t3. On the other hand, as shown on the 
right of Fig. 1 5, in the case where the time constant of the Tr/Tf control section is set 
to correspond to the fast bit rate 4f , if this is made to correspond to the bit rate f , an 
adjustment range of the pulse width controllable according to the setting of threshold 
voltage becomes narrower, causing a possibility that a desired pulse width cannot 
be realized. 

Also, in the conventional pulse width control circuit, there is a disadvantage 
that it is easily affected by noise or power source voltage fluctuation. In other words, 
as shown in Fig. 1 6 for example, in the case where the pulse width is set to be wide, 
it is necessary to set the threshold voltage of a comparator of the waveform shaping 
section to be low. Consequently, the waveform shaping section results in a circuit 
that is liable to be affected by ground (GND) noise and the like, to easily cause pulse 
width fluctuation or the pattern jitters. Note, if polarity of the circuit shown in Fig. 13 
is reversed, the waveform shaping section results in a circuit that is liable to be 
affected by power source noise. In addition, the Tr/Tf control section has a circuit 
structure that is liable to be affected by power source noise or ground noise, 
irrespective of a set value of the pulse width, since it operates in a state where the 
band thereof is always lowered. 



Further, in the conventional pulse width control circuit, in order to set the 
pulse width of the output signal DATA_OUT to be wider, 100% or more, than the 
pulse width of the input signal DATAJN, it is necessary to restrict the band of the fall 
time Tf for the input signal DATAJN. However, as shown in Fig. 17 for example, if 
power source voltage fluctuation occurs, there is a difference in the time taken for 
the voltage at point BB to change from a low level to a high level and to reach the 
low level again, and since this signal is compared with the direct current threshold 
voltage in the waveform shaping section at the latter stage, as a result, the pulse 
width fluctuation is caused by the power source voltage fluctuation. Also, in the case 
where the polarity of the circuit shown in Fig. 13 is reversed, there is caused the 
same problem as in the case described above when the pulse width is set to be 
narrow,. 

The present invention has been accomplished in view of the above 
problems, and has an object to provide a pulse width control circuit capable of 
responding to multi-bit rates with the same circuit structure. Also, the present 
invention has a further object to provide a pulse width control circuit that has 
excellent noise resistance and is not liable to be affected by power source voltage 
fluctuation. 

Disclosure of the Invention 

In order to achieve the above objects, a pulse width control circuit of the 
present invention, for controlling pulse width of an input signal based on pulse width 
control information, and generating an output signal for driving a light emitting 
element, comprises: a rise/fall control section controlling at least one of a rise time 
and a fall time of the input signal according to a bit rate of the input signal; a 
waveform shaping section shaping a signal output from the rise/fall control section, 
to generate the output signal; and a control signal generating section generating a 
control signal for controlling an operation of the rise/fall control section based on the 
pulse width control information. 



According to the above constitution, one or both of the rise time and fall time 
of the input signal is controlled, according to the bit rate of the input signal, by the 
rise/fall control section whose operation is controlled in accordance the control 
signal from the control signal generating section, and the signal output from the 
rise/fall control section is shaped by the waveform shaping section, so that the pulse 
width of the output signal for driving the light emitting element is controlled. Thus, it 
becomes possible to respond to multi-bit rates, since basically, the pulse width is not 
controlled by changing the threshold voltage of the waveform shaping section as in 
the conventional pulse width control circuit, but is controlled by adjusting the rise 
time and fall time of the input signal according to the bit rate. 

Further, in the above pulse width control circuit, the specific constitution of 
the rise/fall control section may comprise: a current source controlled in accordance 
with the control signal from the control signal generating section; a bit detection 
element detecting a level of each bit indicated by the input signal; and an integrating 
element determining rise and fall time constants of the input signal based on a 
current supplied from the current source and detection results from the bit detection 
element 

( In the rise/fall control section of the above constitution, the input signal is 
sent to tne bit detection element so that the level of each bit is detected, and also the 
control signal from the control signal generating section Is sent to the current source 
so that a current value to be supplied to the integrating element is controlled. Then, 
in the integrating element, the rise and fall time constants of the input signal are 
determined based on the current from the current source and the detection results of 
the bit detection element, so that a signal having a rise time and a fall time 
corresponding to the bit rate of the input signal is generated. 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing a basic structure of a pulse width control 
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circuit of the present invention. 

Rg. 2 is a diagram explaining an operating principle of the pulse width 
control circuit of the present invention. 

Rg. 3 is a diagram showing an example of a specific circuit structure of a 
Tr/Tf control section. 

Rg. 4 is a diagram explaining an operation of the Tr/Tf control section of Rg. 

3. 

Rg. 5 is a diagram showing an example of a specific circuit structure of the 
Tr/Tf control section to improve noise resistance. 

Rg. 6 is a diagram explaining an operation of the Tr/Tf control section of Rg. 

5. 

Rg. 7 is a diagram showing a specific circuit structure of a modification 
example of the Tr/Tf control section of Rg. 3. 

Rg. 8 is a graph showing relations of current values in each part of the Tr/Tf 
control section of Rg. 7. . 

Rg. 9 shows another specific circuit structure example of the Tr/Tf control 

section. 

Rg. 10 is a diagram enumerating specific circuit structure examples of a 
waveform shaping section. 

Rg. 11 is a diagram enumerating specific circuit structure examples of a 
control ( signal generating section. 

Rg. 12 is a diagram showing, as an application of the basic structure of Rg. 
1, a structural example in the case where the Tr/Tf control sections and waveform 
shaping sections are connected in multi-stages. 

Rg. 13 is a circuit diagram showing a structural example of a conventional 
pulse width control circuit. 

Rg. 14 is a diagram explaining an operation of the conventional pulse width 
control circuit 

Rg. 15 is a diagram explaining that the conventional pulse width control 
circuit is hard to respond to multi-bit rates. 

Rg. 16 is a diagram explaining that the conventional pulse width control 
circuit is liable to be affected by ground noise. 
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Fig. 17 is a diagram explaining that the conventional pulse width control 
circuit is liable to be affected by power source voltage fluctuation. 

Preferred Embodiments of the Invention 

A pulse width control circuit according to the present invention will be 
described hereafter based on the attached drawings. Note, the same reference 
numerals indicate the same or corresponding components throughout the 
drawings . 

Firstly, a basic principle of the pulse width control circuit according to the 
present invention will be described. 

Fig. 1 is a block drawing showing a basic structure of the pulse width control 
circuit of the present invention. 

In Fig. 1 , the basic structure of the pulse width control circuit comprises a 
control signal generating section 1 generating a Tr/Tf control signal Sc for controlling 
pulse width of an input signal DATAJN according to pulse width control information, 
a Tr/Tf control section 2 controlling one or both of a rise time Tr and a fall time Tf of 
the input signal DATAJN according to the Tr/Tf control signal Sc, and a waveform 
shaping section 3 shaping a signal from the Tr/Tf control section 2 to output an 
output signal DATA_OUT 

Further, the Tr/Tf control section 2 includes a current source 2A, a bit 
detection element 2B and an integrating element 2C. The current source 2A 
generates a constant current in accordance with the Tr/Tf control signal Sc sent from 
the control signal generating section 1, to supply the constant current to the 
integrating element 2C. The bit detection element 2B is a circuit that detects whether 
each bit shown by the input signal DATAJN is "HI" or "LOW", and transmits a 
detection result to the integrating element 2C. The integrating circuit 2C is a circuit 
that determines rise and fall time constants of the input signal DATAJN based on 
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the detection result of the bit detection element 2B and the constant current supplied 
from the current source 2A. An output signal of the integrating circuit 2C is sent to 
the waveform shaping section 3. 

Next, an operating principle of the : pulse width control circuit having the 
basic structure as described above will be described. 

Fig. 2 is a diagram for explaining the operating principle of the present pulse 
width control circuit. In this figure, a waveform example in the case where the 
pulse width is set to be wide is shown on the left, and a waveform example in the 
case where the pulse width is set to be narrow is shown on the right. 

In the case where the pulse width is set to be wide based on control 
information supplied from exterior for widening the pulse width, in the control signal 
generating section 1 , the Tr/Tf control signal Sc for delaying, for example, the fall 
time Tf of the input signal DATAJN according to a bit rate, is generated to be sent to 
the Tr/Tf control section 2. Although, here, the consideration is made on the case 
where the fall time Tf is delayed, the rise time Tr of the input signal DATAJN may be 
advanced according to the bit rate, or alternatively, the fall time Tf may be delayed 
while the rise time Tr being advanced according to the bit rate. 

In the Tr/Tf control section 2, there is performed a control for delaying the 
fall time Tf of the input signal DATAJN according to the bit rate, in accordance with 
the Tr/Tf control signal Sc. In other words, the current source 2A is controlled in 
accordance with the Tr/Tf control signal Sc, so that the fall time constant of the input 
signal DATAJN in the integrating element 2C is determined according to the bit rate. 
Specifically, a fall time constant t1 of when the bit rate is f is set to be four times a fall 
time constant t2 of when the bit rate is 4f (t1 = 4x t2). Consequently, a signal 
having a voltage waveform corresponding to the bit rate as shown in the second and 
fifth levels from the top in Fig. 2 is output from the Tr/Tf control section 2 to the 
waveform shaping section 3. 
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Then, in the waveform shaping section 3, a comparison between a voltage 
level of the signal from the Tr/Tf control section 2 and a threshold voltage is 
performed, and the output signal DATA_OUT as shown in the third and sixth levels 
from the top in Fig. 2 is generated. For this output signal DATA_OUT, a pulse width 
control amount (rate of width to be broadened relative to the pulse width of the input 
signal DATAJN) in each bit rate is the same, that is, in Fig. 2 b/a = d/c. 

On the other hand, as shown on the right side of Fig. 2, in the case where 
the pulse width is set to be narrow, in the control signal generating section 1 , based 
on control information supplied from exterior for narrowing the pulse width, the Tr/Tf 
control signal Sc for delaying, for example, the rise time Tr of the input signal 
DATAJN according to the bit rate, is generated to be sent to the Tr/Tf control section 
2. Although, here, the consideration is made on the case where the rise time Tr is 
delayed, the fall time Tf of the input signal DATAJN rnay be advanced according to 
the bit rate, or alternatively, the fall time Tf may be advanced while the rise time Tr 
being delayed according to the bit rate. 

In the Tr/Tf control section 2, there is performed a control for delaying the 
rise time Tr of the input signal DATAJN, according to the bit rate, in accordance with 
the Tr/Tf control signal Sc. In other words, the current source 2A is controlled in 
accordance with the Tr/Tf control signal Sc, so that the rise time constant of the input 
signal DATAJN in the integrating element 2C is determined according to the bit rate. 
Specifically, a rise time constant t3 of when the bit rate is f is set to be four times a 
rise time constant x4 of when the bit rate is 4f (t3 - 4 x t4). Consequently, a signal 
having a voltage waveform corresponding to the bit rate as shown in the second and 
fifth levels from the top in Fig. 2 is output from the Tr/Tf control section 2 to the 
waveform shaping section 3. 

Then, in the waveform shaping section 3, a comparison between the 
voltage level of the signal from the Tr/Tf control section 2 and the threshold voltage 
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is performed, and the output signal DATA_OUT as shown in the third and sixth 
levels from the top in Fig. 2 is generated. For this output signal DATA_OUT, a pulse 
width control amount (rate of width to be narrowed relative to the pulse width of the 
input signal DATA J N) in each bit rate is the same, that is, in Fig. 2 b'/a' = d'/c\ 

According to this pulse width control circuit of the present invention, the rise 
time Tr and the fall time Tf of the input signal DATA J N is controlled according to the 
bit rate. Then, even if the bit rate is changed, it is possible to primarily determine a 
pulse width adjustment amount, thus enabling to respond to multi-bit rates. 

Next, specific embodiments of each structure of the pulse width control 
circuit according to the present invention described above will be described. 

Fig. 3 is a diagram showing an example of a specific circuit structure of the 
Tr/Tf control section. 

In Fig. 3, the Tr/Tf control section 2 is of a simple circuit structure provided 
with, for example, two current sources 11 and 12 as the current source 2A, a 
P-channel MOSFET tp1 and an N-channel MOSFET tn1 as the bit detection 
element 2B, and two P-channel MOSFETs tp2 and tp3 and two N-channel 
MOSFETs tn2 and tn3 as the integrating element 2C. 

The current source 11 has one terminal connected to a power source V and 
the other terminal connected to a drain terminal of the N-channel MOSFET tn1 , and 
a current value thereof is controlled in accordance with the Tr/Tf control signal Sc 
from the control signal generating section 1 . The current source 12 has one terminal 
grounded and the other terminal connected to a drain terminal of the P-channel 
MOSFET tp1 , and a current value thereof is controlled in accordance with the Tr/Tf 
control signal Sc from the control signal generating section 1. Specific current 
sources 11 and 12 can be made up of current mirror circuits, to which the current from 
the control signal generating section 1 is input, in the case where a current of a 
required value is output from the control signal generating circuit 1 as the Tr/Tf 
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control signal Sc, for example,. 

The P-channel MOSFET tp1 as the bit detection element 2B, has a gate 
terminal connected to an input terminal of the Tr/Tf control section 2, and a source 
terminal connected to the power source V. The N-channel MOSFET tn1 has a gate 
terminal connected to the input terminal of the Tr/Tf control section 2 and a source 
terminal grounded. 

The P-channel MOSFET tp2 has a drain terminal and a gate terminal each 
connected to the current source 12, and a source terminal connected to the power 
source V. The N-channel MOSFET tn2 has a drain terminal and a gate terminal 
each connected to the current source 11 and a source terminal grounded. The 
P-channel MOSFET tp3 has a source terminal connected to the power source V, a 
gate terminal connected to the current source 12, and a drain terminal connected to 
an output terminal of the Tr/Tf control section 2. The N-channel MOSFET tn3 has a 
source terminal grounded, a gate terminal connected to the current source 11 , and a 
drain terminal connected to the output terminal of the Tr/Tf control section 2. 

In the Tr/Tf control section 2 of such a circuit structure as described above, 
the current source 12 is adjusted in order to control the rise time Tr of the input signal 
DATAJN, while the current source 11 being adjusted in order to control the fall time 

Tf. [[ : : 

Specifically, as shown on the left side of Fig. 4, for example, in the case 
where the current value of the current source 11 is set to be sufficiently large and the 
current value of the current source 12 is set to be less than the current value of the 
current source 11 (I1>I2), the band of the P-channel MOSFET tp2 in the integrating 
element 2C is lowered. Therefore, when ft is detected by the bit detection element 
2B that the input signal DATAJN is changed from "LOW to "HI", the speed of a 
drain point (point A) of the P-channel MOSFET tp2 to be changed to "LOW" is 
slowed down. Thereby, since the speed of the P-channel MOSFET tp3 to turn on is 
slowed down, the speed of the output signal OUT of the Tr/Tf control section 2 to be 
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changed to "HI" is slowed down. As a result, a signal OUT whose rise time Tr is 
later than that of the input signal DATAJN is output. Consequently, the rise time 
constant of the input signal DATAJN is set to a desired value by adjusting the 
current value of the current source 12. 

On the other hand, as shown on the right side of Fig. 4, for example, in the 
case where the current value of the current source 12 is set to be sufficiently large 
and the current value of the current source 11 is set to be less than the current value 
of the current source (2 (IKI2), the band of the N-channel MOSFET tn2 in the 
integrating element 2C is lowered. Therefore, when it is detected by the bit 
detection element 2B that the input signal DATAJN is changed from "HI" to "LOW", 
the speed of a drain point (point B) of the N-channel MOSFET tn2 to be changed to 
"HI" is slowed down. Thereby, since the speed of the N-channel MOSFET tn3 to turn 
on is slowed down, the speed of the output signal OUT of the Tr/Tf control section 2 
to be changed to "LOW" is slowed down. As a result, a signal OUT whose fall time 
Tf is later than that of the input signal DATAJN is output. Consequently, the fall time 
constant of the input signal DATAJN is set to a desired value by adjusting the 
current value of the current source 11 . 

An example in which noise resistance of the Tr/Tf control section 2 shown in 
Fig. 3 is improved will be described. 

v • 

Fig. 5 is a diagram showing an example of the specific circuit structure of 
the Tr/Tf control section to improve noise resistance. 

A difference between a structure of a Tr/Tf control section 2* of Fig. 5 and 
the Tr/Tf control section 2 Of Fig. 3 is in that a P-channel MOSFET tp2' and an 
N-channel MOSFET tn2* are added to the integrating element 2C. 

The P-channel MOSFET tp2' has a drain terminal and a gate terminal each 
connected to the source terminal of the P-channel MOSFET tp2, and a source 
terminal connected to the power source V. The N-channel MOSFET tn2' has a drain 
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terminal and a gate terminal each connected to the source terminal of the N-channel 
MOSFET tn2, and a source terminal grounded. 

A basic operation of the above Tr/Tf control section 2* is the same as that of 
the Tr/Tf control section 2 of Fig. 3 described above. However, since the P-channel 
MOSFET tp2' and the N-channel MOSFET tn2' are connected so that amplitudes of 
voltage signals in points A and B shown in the second and third levels from the top 
in Fig. 6 become large, resistance of the Tr/Tf control section 2' to power source 
noise and ground noise is improved. 

Next, there will be described a modification example of the Tr/Tf control 
section 2 shown in Fig. 3, in which two current sources 11 and 12 are simultaneously 
controlled based on the Tr/Tf control signal Sc. 

Fig. 7 is a diagram showing a specific circuit structure of the modification 
example of the Tr/Tf control section of Fig. 3. 

In Fig. 7, in a Tr/Tf control section 2", instead of the current sources 11 and 
12 in the Tr/Tf control section 2 of Fig. 3, there are provided two P-channel 
MOSFETs tp4 and tp5 constituting a first current mirror circuit to which the Tr/Tf 
control signal Sc is input from the control signal generating section 1 , two N-channel 
MOSFETs tn4 and tn5 constituting a second current mirror circuit to which an output 
signal of the first current mirror circuit is input, and a current source 13 and a 
N-channel MOSFET tn6 connected to the current source 13. Constitutions other than 
those described above, that is, the constitutions of the bit detection element 2B and 
the integrating element 2C are the same as those of the Tr/Tf control section 2 of Fig. 
3. Further, these constitutions may be the same as those of the Tr/Tf control 
section 2' of Fig. 5. 

The P-channel MOSFET tp4 constituting the first current mirror circuit has a 
source terminal connected to the power source V, and a commonly connected drain 
terminal and a gate terminal, to which the Tr/Tf control signal Sc is input from the 
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control signal generating section 1. Further, the P-channel MOSFET tp5 has a 
source terminal connected to the power source V, a gate terminal connected to the 
gate terminal of the P-channel MOSFET tp4, and a drain terminal connected to the 
second current mirror circuit. 

The N-channel MOSFET tn4 constituting the second current mirror circuit 
has a source terminal grounded, and a commonly connected drain terminal and a 
gate terminal, to which a current from the first current mirror circuit is input. Further, 
the N-channel MOSFET tn5 has a source terminal grounded, a gate terminal 
connected to the gate terminal of the N-channel MOSFET tn4, and a drain terminal 
connected to the drain terminal of the P-channel MOSFET tp1 of the bit detection 
element 2B. 

The current source 13 has one terminal connected to the power source V, 
and the other terminal connected to the drain terminals of the N-channel MOSFETs 
tn1 and tn6. The N-channel MOSFET tn6 has a gate terminal connected to an 
output of the first current mirror circuit, that is, the drain terminal of the P-channel 
MOSFET tp5, and a source terminal grounded. 

In the Tr/Tf control section 2" having such a constitution, the current source 
13 and the N-channel MOSFET tn6 correspond to the current source 11 of the Tr/Tf 
control section 2 of Fig. 3, and the N-channel MOSFET tn5 (output current from the 
second current mirror circuit) corresponds to the current source 12 of the Tr/Tf 
control section 2 of Fig. 3. 

In the Tr/Tf control section 2", a current of a desired value is input to the first 
current mirror circuit, as the Tr/Tf control signal Sc from the control signal generating 
section 1 , so that a current flows to each part in accordance with a relationship 
shown in Fig. 8. The abscissa of Fig. 8 represents a level of the Tr/Tf control signal 
Sc, that is, a value of the current input to the first current mirror circuit, and the 
ordinate represents a current la flowing through the P-channel MOSFET tp4, a 
current lb flowing through the P-channel MOSFET tp5, a current Id flowing through 
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the N-channel MOSFET tn6, a current 11 flowing through the drain point of the 
N-channel MOSFET tn1 , and a current 12 flowing through the drain point of the 
P-channel MOSFET tp1 . As shown in Fig. 8, in the Tr/Tf control section 2", the 
respective currents 11 and 12 can be simultaneously controlled by one type of Tr/Tf 
control signal Sc. Note, in order to specifically control the pulse width, similarly to the 
case described above, the Tr/Tf control signal Sc may be appropriately set so that 
the values of the currents 11 and 12 become desired values according to the bit rate. 

Next, another specific structural example of the Tr/Tf control section will be 
described. 

Fig. 9 shows another specific structural example of the Tr/Tf control section. 

In the Tr/Tf control section 2"' of Fig. 9, the current source 2A comprises 
current output D/A converters (IDACs) 21 and 22 controlled by signals from a CPU 4. 
For example, a memory 4A comprising a ROM, a non-volatile memory or the like, 
and a temperature sensor 4B detecting the surrounding temperature, are connected 
to the CPU 4. Signals for controlling the current output D/A converters 21 and 22 
are generated by the CPU 4, based on pulse width control information supplied from 
exterior, information stored in the memory 4A, and the detection result of the 
temperature sensor 4B. Consequently, when the present Tr/Tf control section 2 m is 
used, a function corresponding to the control signal generating section 1 is realized 
by the CPU 4, the memory 4A, and the temperature sensor 4B. The constitutions of 
the bit detection element 2B and the integrating element 2C are the same as those 
of the Tr/Tf control section 2 of Fig. 3. 

In the Tr/Tf control section 2 m having the constitution described above, the 
stored information of the memory 4A is read out by the CPU 4 according to the pulse 
width control information from exterior and the detection result of the temperature 
sensor 4B, and the signal for controlling each of the current output D/A converters 
21 and 22 is generated. Specifically, a corresponding relationship between an LD 
turn-on delay time and the pulse width control information is previously stored in the 
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memory 4A, „and also, as LD temperature characteristic information, information 
relating to temperature characteristic with regard to a threshold current Ith, a 
modulated current Ip and a bias current lb of the LD are previously stored in the 
memory 4A. Thus, the LD turn-on delay time is calculated in accordance with the 
equation (1) described above, using the LD temperature characteristic information 
corresponding to the detection result of the temperature sensor 4B, and based on 
the corresponding relationship between the turn-on delay time and the pulse width 
control information, the current values of the current output D/A converters 21 and 
22 are controlled so as to realize the rise time Tr and the fall time Tf corresponding 
to the bit rate. Then, the currents generated by the current output D/A converters 21 
and 22 flow through the drain points of the P-channel MOSFET tp1 and the 
N-channel MOSFET tn1 , thereby, similarly to the case of the Tr/Tf control section 2 
of Fig. 3 described above, the rise time Tr and fall time Tf of the input signal 
DATAJN are controlled. Thus, it becomes possible to realize an automatic control of 
the pulse width according to the LD temperature characteristic. 

The circuit example shown in Fig. 9 described above has been constituted 
to use the current output D/A converters. Other than this, the constitution may be 
such that voltage output D/A converters controlled by the CPU 4, for example, are 
used, and a circuit for converting an output voltage of each of the voltage output D/A 
converters to a current is provided. Further, although the constitution has been such 
that the pulse width control information from exterior is sent to the CPU 4, it is also 
possible to previously store the pulse width control information in the memory 4A. 

Next, a circuit structure suitable for the waveform shaping section 3 of the 
pulse width control circuit of the present invention will be described. 

Fig. 10 is a diagram that enumerates specific circuit structure examples of 
the waveform shaping section 3. The circuit structure of (a) in Fig. 10 is one example 
in which the waveform shaping section 3 is formed by inverters of n-stages to which 
a signal from the Tr/Tf control section 2 is input. In the case where inverters of 
even-numbered stages are used in this waveform shaping section 3, when the rise 
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time Tr of the input signal of the waveform shaping section 3 is delayed, while the 
fall time Tf being advanced, for example, timing when an N-channel MOSFET 
constituting a first stage inverter is turned on is delayed, thus the rise of the output 
signal of the waveform shaping section 3 is delayed by a time of a delay in the rise 
time Tr added with a circuit delay time, compared to the rise of the input signal 
DATAJN of the pulse width control circuit. However, since the fall of the output 
signal of the waveform shaping section 3 is delayed by the circuit delay time only, 
compared to the fall of the input signal DATAJN of the pulse width control circuit, as 
a result, the output signal DATA_OUT of the waveform shaping section 3 has a 
pulse width narrower than that of the input signal DATAJN of the pulse width control 
circuit. On the contrary, if the rise time Tr of the input signal of the waveform shaping 
section 3 is advanced, while the fall time Tf being delayed, the output signal 
DATA_OUT of the waveform shaping section 3 has a pulse width wider than that of 
the input signal DATAJN of the pulse width control circuit. 

Further, the circuit structure of (b) in Fig. TO is an example in which the 
waveform shaping section 3 is formed by a comparator (COMP) to which a signal 
from the Tr/Tf control section 2 is input as a forward input (or inversion input), and 
the threshold voltage generated at the constant voltage source is input as the 
inversion input (or the forward input). In this waveform shaping section 3, it is also 
possible to achieve the same operational effects as in the constitution using the 
inverters 1 of n-stages described above. Further, the circuit structure of (c) of Fig. 10 is 
a circuit that enables the threshold voltage input to the comparator to be adjusted 
from exterior, thereby capable to further widen a pulse width control range. 

Next, a circuit structure suitable for the control signal generating section 1 of 
the pulse width control circuit according to the present invention will be described. 

Fig. 11 is a diagram that enumerates specific circuit structure examples of 
the control signal generating section 1. The circuit structure of (a) in Fig. 11 is an 
example in which the control signal generating section 1 is formed using: a constant 
current source 1 A and a variable resistor 1 B connected in series between the power 
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source and ground; an operational amplifier 1C with one input terminal connected to 
a common connection point of the constant current source 1A and the variable 
resistor 1 B; an N-channel MOSFET tn7 having a gate terminal connected to an 
output terminal of the operational amplifier 1C, a source terminal connected the 
other input terminal of the operational amplifier 1C, and a drain terminal connected 
to an output terminal of the control signal generating section 1; and a resistor 1D 
having one terminal connected to the source terminal of the N-channel MOSFET tn7 
and the other terminal grounded. In this control signal generating section 1, a 
current output as the Tr/Tf control signal Sc can be controlled to a desired value by 
adjusting a resistance value of the variable resistor 1 B according to the pulse width 
control information. 

Further, the circuit structure of (b) of Fig. 11 is an example in which the 
control signal generating section 1 is formed, by providing a constant voltage source 
1 E instead of the above constant current source 1 A and variable resistor 1 B, and a 
variable resistor 1F instead of the resistor 1D. In this control signal generating 
section 1 , a current output as the Tr/Tf control signal Sc can be controlled to a 
desired value by adjusting a resistance value of the variable resistor 1 F according to 
the pulse width control information. 

As a specific circuit example of the control signal generating section 1 , such 
a constitution as shown in Fig. 9 comprising the CPU 4, memory 4A and 
temperature sensor 4B may be used. In this case, as described above, a current 
output D/A converter or the like is used as the current source 2A of the Tr/Tf control 
section 2. 

Further, for the control signal generating section 1 of each circuit structure 
shown in Rg. 11, it is also possible to modify to add the temperature information. 
Specifically, a thermistor or the like is provided instead of the resistor 1 D in the 
circuit structure of (a) in Rg. 11 , and a constant current source and a thermistor or 
the like connected in series between the power source and ground are provided 
instead of the constant voltage source 1 E in the circuit structure of (b) of Rg. 11 , so 
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that the Tr/TC control signal Sc is generated according to a change in the ambient 
temperature. Further, it is possible to obtain the temperature information, based on a 
Vf characteristic, using a diode instead of the above thermistor. If a diode is used, it 
is possible to monitor the temperature of the interior of an IC, even if the circuit of the 
control signal generating section 1 is integrated. 

Moreover, as an application relating to the basic structure of the pulse width 
control circuit shown in Fig. 1 described above, for example as shown in Fig. 12, the 
constitution may be such that the Tr/Tf control sections 2 and waveform shaping 
sections 3 are connected in multi-stages, to adjust the pulse width of the input signal 
DATAJN in stepwise. In this case, in particular when the pulse width is set to be 
wide, since the band restriction in the Tr/Tf control section 2 of each stage can be 
suppressed to a small range, the noise resistance at each stage can be improved, 
and consequently, it is possible to improve the noise resistance of the overall pulse 
width control circuit. Also, by suppressing an adjustment range of the pulse width at 
each stage to be small, it is also possible to suppress a pattern effect at each stage. 
Thus, since the Tr/Tf control sections 2 and the waveform shaping sections 3 are 
connected in multi-stages, it becomes possible to achieve effects, such as extension 
of the applied bit rate range, extension of the pulse width control range, suppression 
of pattern effect, improvement of electrical and ground noise resistances, and the 
like. 

According to the pulse width control circuit of the present invention as 
described above, since one or both of the rise time Tr and fall time Tf of the input 
signal DATAJN is variable controlled according to the bit rate, it is possible to easily 
realize the response to multi-bit rates. Further, since the Tr/Tf control sections 2 and 
the waveform shaping sections 3 are connected in multi-stages, it is possible to 
make the bit rate range wider. Specifically, it is possible to perform the pulse width 
control in a bit rate range of on the order of 50Mbps to 2.4Gbps. Furthermore, since 
the present pulse width control circuit is not a type of controlling the pulse width by 
changing the threshold voltage (slice level) in the waveform shaping section 3 as in 
the conventional technique, but is basically a type of variably controlling the rise time 
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Tr and fall time Tf of the input signal DATAJN, it is possible to improve the 
resistance to electrical noise and ground noise. Moreover, in this pulse width control 
circuit, since a DC voltage at point A in Fig. 1 is changed according to the power 
source voltage, and the on/off speed of the P-channel MOSFET tp3 is changed 
according to the power source voltage, the output signal DATA_OUT is not liable to 
be affected by power source voltage fluctuation. Consequently, compared to the 
conventional circuits, pulse width fluctuation due to power source voltage fluctuation 
can be suppressed. In addition, the pulse width control circuit of the present 
invention can be constituted by a number of MOSFETs. Therefore, the pulse width 
control circuit of the present invention does not affect on the chip size of LSls, and is 
effective in the reduction of the chip surface area and the reduction of cost. 

Industrial Applicability 

The present invention, in fields such as optical communications and the like, 
has considerable industrial applicability as an electrical circuit technology for 
controlling the pulse width of data signals to be used in the drive circuits of light 
emitting elements. 



20 



